Purpose Monitoring of the quality of life of patients in addition to satisfactory survival indexes in order to choose an optimal treatment method is a trend in contemporary oncological surgery. The goal of the study was to prospectively evaluate the quality of life of patients treated for colorectal cancer depending on the type of surgical technique (open surgery (OS) vs. laparoscopic surgery (LS)). Methods The quality of life was evaluated thrice in the study groups (on the day of admission to the ward (I), 6 months (II), and 18 months after the procedure (III)). The following questionnaires were used in this evaluation: QLQ-C30 European Organization for Research and Treatment of Cancer Quality of Life Questionnaire, QLQ-CR29 Quality of Life Questionnaire (module-colorectal cancer), and Acceptance of Illness Scale (AIS). Results Sixty-seven patients completed this prospective clinical cohort study (LS-32; OS-35). The QLQ-C30 questionnaire demonstrated improvement in functional scales among patients treated with LS technique (p < 0.05) as well as with regard to overall quality of life 6 months after surgery (p < 0,001), while at 18 months postsurgery, statistically significant differences were noted for physical function (p = 0.001) and overall quality of life (p < 0.0001). AIS scale analysis demonstrated that patients treated with laparoscopy were characterized by better acceptance of illness (p < 0.05). Statistically significant differences between OS and LS groups were noted based on the QLQ-CR29 questionnaire with regard to the following scales: body image (p = 0.041) and body mass problem (p = 0.024)-patients treated with LS technique had better scores. Conclusions Laparoscopic surgery gives patients a chance for better quality of life.
Introduction
Classical open surgery or laparoscopic surgery is the basis of surgical treatment of colorectal cancer [1, 2] . Historical metaanalyses prove laparoscopic surgery to be safe and effective in terms of outcome [1, 2] . Laparoscopic surgery has been proven to be beneficial in terms of complication and pain [2] [3] [4] . Randomized clinical studies and meta-analyses show that colorectal surgeries performed with laparoscopic technique are associated with less blood loss during the procedure, shorter duration, faster patient mobilization, faster recovery, and better cosmetic effect [3, 4] . Colorectal cancer is one of those neoplastic diseases that significantly decrease the quality of life. Surgical and adjuvant treatment of colorectal cancer is a cause of great stress. Patients often have to change their private and professional lives, sometimes even their environment, which is undoubtedly a source of great stress and anxiety for the patient [5, 6] . That is why research assessing physical, psychological, and social functioning of patients after successful surgery over time is so important. There are studies evaluating the quality of life of patients after surgery for colorectal cancer using open versus laparoscopic surgery. Their results vary, although some of them demonstrate better quality of life of patients treated with laparoscopic surgery [7] . Other analyses show that over a longer time perspective, surgical technique does not matter [8, 9] . Prospective comparison of the effects of laparoscopic versus open surgery showed improvement of quality of life a week after laparoscopic surgery, but not after 1 year [10] . There is a great need for studies assessing the quality of life of patients treated with open versus laparoscopic surgery over a longer time perspective. In our study, we compared quality of live prospectively before, 6 months, and 18 months after the surgery.
The goal of our study was to perform a prospective, singlecenter evaluation of the quality of life among patients treated surgically for colorectal cancer with open versus laparoscopic surgery over an 18-month period.
Methods
This prospective, single-center clinical cohort study was performed based on approval of Bioethical Committee of the CM UMK no. 473/2016. The study was conducted over a period 1.06.2016-20.12.2018 . Successive patients referred to the Chair and Department of Oncological Surgery of CM UMK for surgical treatment of colorectal cancer were included in the study. All laparoscopies were by the same surgeon with an experience in over 200 laparoscopic procedures, while open surgeries were performed by 4 surgeons from a single team.
Inclusion criteria were as follows:
-Consent to participate in the study -Patients referred for surgery due to colorectal cancer -Elective surgery -Age over 18 years -Suitability for curative resection involving only the large intestine -Patients qualified for open or laparoscopic surgery -ASA I-III -Cancer staging I-III (WHO), pTNM staging was taken into consideration -Completion of questionnaires at subsequent stages of the study Exclusion criteria were as follows:
-Patients qualified for reoperation -Patients with stage IV neoplastic disease -Patients diagnosed with metastases diagnosed in the course of the study -Patients who required conversion during the surgical procedure -Patient with stoma
The study design was as follows: I measurements-on the day of admission to the ward patients gave their consent to participate in the study and filled out quality-of-life questionnaire. The second examination (II measurements) took place after 6 months from surgery, while the third part of the study was conducted after 18 months from the procedure (III measurements). The second and the third examinations were performed using CATI (computer-assisted telephone interviewing).
After giving their consent to participate in the study, during the first examination, each patient responded to questions regarding age, education, place of residence, marital status, employment, or the type of planned procedure.
Information regarding clinical status of patients recorded in their medical documentation, such as qualification for particular procedure, presence and type of adjuvant treatment (neoadjuvant and adjuvant), staging of neoplastic disease, or duration of hospitalization were used for the purpose of the study.
Preoperative diagnostics encompassed: basic examinations, anesthetist's evaluation, colonoscopy, chest X-ray, tumor markers, ultrasound examination, and computed tomography of the abdomen. Mechanical bowel preparation was used before the procedure. Regardless of the method used, patients were operated on under general intravenous anesthesia. After the procedure, every patient was monitored in the postoperative room and received analgesia. All surgeries were performed by the same laparoscopic surgeon with an experience in over 200 laparoscopic procedures, while open surgeries were performed by 3 surgeons from the same team.
Quality of life of cancer patients were used in the study (European Commission for the Quality of Life Research based in Brussels agreed for use of those questionnaires): Additionally, the groups were compared separately for each measurement-immediately after the procedure, after 6 months, and after 18 months-using Mann-Whitney U test (or Student's t test for independent variables). For the purpose of the analysis, we assumed the value of α = 0.05.
Results
Sixty-seven patients were stratified into open (n = 35) and laparoscopic (n = 35) surgery groups. Figure 1 shows a detailed scheme of the study.
Sociodemographic characteristics
Study groups (OS vs. LS) did not differ significantly with regard to sociodemographic characteristics, such as age, sex, body mass, height, BMI, marital status, having children, level of education, employment status, or place of residence (p < 0.05). Results are presented in Table 1 .
Clinical characteristics of compared groups
The study groups (OS and LS) were characterized with regard to clinical characteristics ( Table 2) . No significant differences were noted in that regard.
Quality of life in compared groups
In the next stage, we analyzed the intra-group (LS and OS) and inter-group (LS vs. OS) differences with regard to the quality of life based on the QLQ-C30 questionnaire. Results of analyses regarding physical functioning, social role functioning, cognitive, emotional and social functioning, as well as overall quality of life are presented in Table 3 .
In the OS group, we observed a highly significant decrease in the quality of life between measurements I and II in the physical functioning scale (p < 0.001) and cognitive functioning scale as well as in the overall quality of life. Between measurements I and III, we noted a highly statistically Exclusion criteria: 3 -conversion 9 -lack of consent to participate in subsequent stages of the study Exclusion criteria: 11 -lack of consent to participate in subsequent stages of the study 9 -patients diagnosed with cancer metastases over the course of the study 3 -stage IV neoplastic disease according to pTNM
Included in the study Fig. 1 Study scheme describing patient exclusion from the study significant decrease in the quality of life with regard to physical functioning (p < 0.001), significant decrease in social role functioning, cognitive functioning, and overall quality of life (p < 0.05). Between measurements II and III, we observed a decrease in the quality of life in the areas of emotional functioning and social functioning (p < 0.05).
In the LS group, we observed a highly statistically significant improvement in emotional functioning of patients (p < 0.001) between measurements I and III. Comparison of measurements II and III yielded significant worsening of physical functioning, cognitive functioning, and social functioning in the study group (p < 0.05).
Comparative analysis of OS vs. LS failed to reveal statistically significant differences in measurement I. Half a year after the procedure (measurement II), a highly significantly better result was noted in LS with regard to physical functioning and overall quality of life (p < 0.001) and significantly better results with regard to social role functioning, cognitive functioning, emotional functioning, and social functioning (p < 0.05). In measurement III, we demonstrated significantly better functioning of patients operated on using the LS technique with regard to physical functioning (p = 0.001) and a highly significant increase in overall quality of life (p < 0.001).
The analysis of symptoms based on the QLQ-C30 questionnaire (Table 4 ) revealed a statistically significant decrease in malaise and dyspnea in the OS group between measurements I and II (p < 0.05), diarrhea between measurements I and III, and dyspnea between measurements II and III (p < 0.05). In the LS group, we noted a statistically significant reduction in sleeping disturbances between measurements I and II, decrease in nausea and vomiting, pain, and loss of appetite; between measurements II and III, we observed a decrease in fatigue, nausea, and vomiting as well as loss of appetite (p < 0.05). Inter-group comparison yielded a statistically significant reduction in the feeling of malaise in measurement III (p < 0.05) among the LS group.
We performed an analysis of the quality of life in the examined groups using the QLQ-C29 questionnaire (Table 5 ). In the OS group, statistically significant differences between measurements were noted for the female sexual interest scale between measurements I and II (p = 0.020). Before surgery, women exhibited a higher level of sexual interest than 6 months afterward. In the LS group, a statistically significant improvement was noted between measurements I and II, as well as in the anxiety and body mass problem scales between measurements I and III. Inter-group comparisons (LS vs. OS) 
Level of acceptance of illness among studied groups
Outcomes in the AIS scale are reported in Table 6 .
There were no statistically significant differences within the OS and LS groups in the AIS scale. Statistically significant differences were noted between the LS and OS groups. In all three measurements, patients after laparoscopy demonstrated a higher level of acceptance of illness (p < 0.05).
Discussion
In our study, we assessed the quality of life of patients treated for colorectal cancer depending on the used surgical technique (open vs. laparoscopic surgery) over an 18-month period. Standard questionnaires QLQ-C30, QLQ-C29, and AIS were used for evaluation. The analysis of the QLQ-C30 and QLQ-C29 questionnaires failed to reveal statistically significant differences within study groups before surgery. We observed worsening of the quality of life in functional scales in both groups (QLQ-30). After 6 months from surgery, we noted a significantly better quality of life among patients treated laparoscopically with regard to physical functioning, social role functioning, cognitive functioning, emotional functioning, social functioning, and overall quality of life. In the third measurement performed, 19 months after the procedure, significant improvement in the quality of life was noted in the LS group in the QLQ-C30 scale with regard to physical functioning and overall quality of life. The analysis of QLQ-C29 showed a significant difference in outcomes with regard to the symptom of malaise and body mass problems-patients operated on using the LS technique functioned better in that respect. The analysis of the scale of acceptance of illness (QLQ-C30 questionnaire) demonstrated a significantly lower level of malaise among patients treated with the LS technique 18 months after the procedure. Analysis of the AIS results showed a greater level of acceptance of illness among all patients in the LS group throughout all stages of the study.
The strengths of our study include its prospective and singlecenter nature as well as an 18-month follow-up period. There are a lot of studies comparing laparoscopic and open surgical techniques [8] [9] [10] [11] . Some of them have reported improved health-related quality of life (HRQL) [8, 10] , and some of them have shown no difference between [9, 11] . Clinical trials conducted by Andersson et al. showed that QLQ after rectal cancer surgery was not affected by surgical approach [8] . Study conducted by Braga et al. showed that laparoscopic colorectal resection was associated with a better quality of life in the first 12 months after surgery compared with open surgery [11] . Our study showed in some aspect (physical functioning and overall quality of life) better results in group treated with laparoscopic surgery 18 months after surgery.
Previous studies contain data collected over shorter periods of time, and their results vary [8] [9] [10] [11] . QLQ-C30 and QLQ-C29 tools used in this study were often used in other studies; thus, they constitute a good starting point for discussion [12] [13] [14] . In our study, we were using same tools. Study conducted by Janson et al. showed that laparoscopic surgery improved general quality of life during first postoperative month [12] . Our measurement showed better quality of life patient treated with laparoscopic surgery 6 months after surgical intervention. Very interesting findings are shown in the study conducted by Theodoropoulos et al. [13] . Results presented in this research showed better quality of life over the first year after laparoscopic colectomy than before surgery. In our study, in the LS group, we found better emotional functioning 18 months after surgery than before surgery. The review of 22 studies presented by Theodoropoulos et al. showed no long-term beneficial effects of laparoscopic surgery on patient QLQ [14] . In our study, we observed quality of life of our patient during the first 18 months after surgery. The differences between study groups in the course of time were less visible.
Moreover, our study was broadened by the analysis of acceptance of illness based on the AIS scale. It showed a decrease in the quality of life in functional scales over time in the OS group and in the LS group, as was demonstrated in the study by Jayne et al. [15] . The author hypothesized that worsening of the quality of life among patients treated surgically with laparoscopy might be associated with the kind of support that patents receive after surgery. Other authors observed an improvement in quality of life outcomes compared to those observed before surgery [13, 16] . In our study, we observed better outcomes with regard to the results of functional scales and overall quality of life 6 months after the procedure among patients treated with laparoscopy, which is consistent with the results reported by other authors [7] . Better outcomes in functional scales among patients treated laparoscopically observed 6 months after the procedure might be explained by better results in recovery compared to patients treated with open surgery. In our opinion, better functioning of patients who had undergone laparoscopic procedure might also be associated with patients' opinion that it is a less invasive procedure used in milder types of neoplasms.
Over time, the differences in results of functional scales between operated groups of patients became smaller. After 18 months from the procedures, statistically significant differences in favor of LS were only noted for the physical functioning scale and overall quality of life. Other authors came to similar conclusions [17] [18] [19] . Other studies comparing quality of life after 39 months failed to show differences in the quality of life between laparoscopic and open surgery [20] . Prospective comparison of quality of live after open versus laparoscopic surgery conducted by Li and colleagues showed improvement of quality of life week after laparoscopic surgery, but not after 1 year [10] . Our study showed that as time passed from surgery, the differences in QLQ between laparoscopic and open surgery group were less visible.
The analysis of symptom scales of the QLQ-C30 questionnaire showed a statistically significant increase in malaise and dyspnea 6 months after surgery. It might be connected with the [10] . Our study showed that as time passed from surgery, the differences in QLQ between laparoscopic and open surgery group were less visible. The analysis of the QLQ-C29 questionnaire showed a statistically significant difference-a reduction in symptoms was observed in the LS group with regard to anxiety and body mass problem. Inter-group comparison demonstrated differences with respect to anxiety and body mass problem 6 months after the procedure-decreased severity was observed in the LS group. Eighteen months after the procedure, we noted statistical difference with respect to body mass image, anxiety, and body mass problem in favor of the LS group. Body image issues are common among patients treated with open surgery, which may be due to larger postoperative wound and financial status [10] .
After 6 months from surgery, we observed a drop in sexual interest in both study groups-changes were statistically significant in the OS group; our findings were similar to the other studies [21, 22] .
Determination of the degree of disease acceptance based on the AIS scale is one of the strengths of our study. There were no differences in outcomes in the AIS scale between groups in successive measurements. There was, however, a higher level of acceptance of illness in the LS group before surgery, half a year afterward and 18 months after the procedure. In our opinion, this result may be explained by a common belief of minimal invasiveness of laparoscopic techniques.
Our study was a single-center study. In Poland, patients with colorectal cancer do not receive any standard psychological support programs. Therefore, our study results differ in many ways from those of other authors. Randomized studies and meta-analyses demonstrate that patients who receive psychological support over the course of treatment for colorectal cancer have improved quality of life [23] [24] [25] [26] .
This study presents several limitations. Firstly, this is not a randomized study. Another limitation of our study is the time point when the first measurement was taken-the day before surgery, when patients are usually anxious because of the upcoming procedure. Small study groups also constitute a weak point of this study.
Conclusion
Our study demonstrated improved quality of life and higher degree of acceptance of illness among patients treated with LS compared to OS. In both groups, we observed a reduction in the quality of life according to functional scales (QLQ-C30 questionnaire) over time after surgery. Patients treated with the LS technique demonstrated greater acceptance of the disease. This study shows that regardless of the type of procedure performed, patients require psychological support. Our study showed some practical guidelines. Colorectal cancer patients should be informed that after laparoscopic surgery they will feel emotionally and physically better. Our study has also supplied knowledge to the surgical team that less invasive methods are providing colorectal cancer patients chance for better quality of life. 
